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STATION AND METHOD FOR REFILLING
PRESSURIZED GAS TANKS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a § 371 of International PCT Appli-
cation PCT/FR2018/050949, filed Apr. 16, 2018, which
claims § 119(a) foreign priority to French patent application

FR 1754787, filed May 31, 2017.

BACKGROUND

Field of the Invention

The mvention relates to an installation and a method for
filling a tank or tanks.

The mvention relates more particularly to an installation
for filling a tank or tanks with pressurized gas, 1n particular
with hydrogen, comprising a liquefied fluid store, a filling
line comprising an upstream end connected to the liquefied
fluid store and a downstream end intended to be connected
to a tank to be filled, the filling line comprising, arranged 1n
series, a vaporizer, a main compressor and a heat exchanger
for cooling the compressed fluid downstream of the main
compressor before transierring it into a tank to be filled.

Related Art

The filling of tanks with gas at high pressure, 1n particular
with hydrogen, can be carried out starting from liquefied gas
which 1s vaporized. See for example WO 02/064395 A2.

The known solutions are, however, unsatistactory because
either they do not allow fast filling with gas with pre-cooling
or they do not make 1t possible to optimize the efliciency of
the 1nstallation (optimization of energy or gas).

SUMMARY OF THE INVENTION

It 1s an object of the present invention to alleviate all or
some of the above-mentioned disadvantages of the prior art.
To this end, the installation according to the invention,
turthermore 1n accordance with the generic definition given
in the preamble above, 1s essentially characterized in that 1t
comprises a cooling circuit comprising a transier line having
an upstream end connected to the outlet of the vaporizer and
a downstream end connected to the heat exchanger, the
transier line being configured to transfer fluid leaving the
vaporizer nto the heat exchanger and to carry out an
exchange of heat between this vaporized fluid and the
compressed gas that 1s transferred into the tank to be filled.
Moreover, embodiments of the invention may comprise
one or more of the following features:
the cooling circuit comprises a recovery line comprising
an upstream end connected to the heat exchanger and a
downstream end connected to the filling line, for rein-
jecting into the filling line the fluud which has
exchanged thermally with the compressed gas,
the downstream end of the recovery line 1s connected to
the filling line upstream of the vaponzer,
the 1installation comprises at least one buller storage
connected to the filling line downstream of the main
compressor and upstream of the heat exchanger,
the 1nstallation comprises two buller storages connected
in parallel to the filling line downstream of the main
compressor and upstream of the heat exchanger,
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2

the 1nstallation comprises an auxiliary compressor having
a suction 1nlet connected to a first buller storage and an
outlet connected to the second buller storage to allow
transier and compression of gas from the first to the
second buller storage.

The invention also relates to a method for filling a tank or

tanks with pressurized gas, in particular with hydrogen, by

means of an installation 1 accordance with any one of the

above characteristics above or below wherein the liquefied
fluid 1s heated 1n the vaporizer to a temperature of between
-2350° C. and 0° C. and preferably between —180° C. and
-90° C. and 1 particular between —150° C. and -100° C.
According to other possible specific features:
at the inlet of the main compressor, the flmd to be
compressed has a temperature of between —250° C. and
0° C. and preferably of between —180° C. and -90° C.
and a pressure of between 2 and 20 bar and preferably
of between 8 and 12 bar,
the method comprises a step of transferring fluid vapor-
ized by the vaporizer ito the heat exchanger for
cooling the relatively hot compressed gas transierred to
the tank to be filled by heat exchange with said rela-
tively cooler vaporized fluid,
the method comprises a step of reinjecting, into the filling
line, the vaporized fluid exchanged thermally 1n the
heat exchanger with the compressed gas,
the vaporized tluid which has exchanged thermally in the
heat exchanger with the compressed gas 1s remjected
upstream of the vaporizer,
at the outlet of the main compressor, the gas has a pressure
of between 200 and 700 and preferably between 400
and 600 bar,
the method comprises a step of transferring the fluid
compressed by the main compressor into a first butler
storage (9),
the method comprises a step of heating gas taken from the
gaseous headspace of the store 1n the vaporizer and a
step of compressing this heated gas.
The invention may also relate to any alternative device or

method comprising any combination of the features above or
below.

BRIEF DESCRIPTION OF THE FIGURES

Other specific features and advantages will become appar-
ent from reading the following description, given with
reference to the single FIGURE which depicts a schematic
and partial view of one example of the structure and opera-
tion of an installation according to the invention.

The FIG. 1s a schematic of the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The installation for filling a tank or tanks with a pressur-
1zed gas 1llustrated in the single FIGURE comprises a
liquetied flud store 1, for example a cryogenic tank of liquid
hydrogen.

The 1nstallation comprises a filling line 2 comprising an
upstream end connected to the liquefied fluid store 1 and at
least one downstream end intended to be connected to a tank
6 to be filled (for example via at least one hose).

The filling line 2 comprises, arranged in series, a vapor-
izer 3, a main compressor 4 and a heat exchanger 5.

The installation also comprises a cooling circuit 7, 8
comprising a transfer line 7 having an upstream end con-
nected to the outlet of the vaporizer 3 and a downstream end




US 11,339,925 B2

3

connected to the heat exchanger 5. This transfer line 7 1s
configured to transier fluid leaving the vaporizer 3 into the
heat exchanger 5 and to achieve heat exchange (preferably
indirect heat exchange) between this relatively cold vapor-
ized fluid and the relatively hot compressed gas which 1s
transferred into the tank 6 to be filled.

For example, the installation comprises a system of
valve(s), that are preferably controlled, for controlling the
flow rate of cold cooling fluid in the cooling line 7. For
example, the transfer line 7 1s connected as a bypass to the
filling line 2. One or more valves (two-way or three-way
valves) may be provided for distributing the flow of fluid
between the transier line 7 and the inlet of the compressor
4. For example, these valves can be controlled by an
clectronic control member comprising a miCroprocessor.
This control can be slaved for example to a temperature
setpoint of the gas transferred into the tank 6.

The cooling circuit 7, 8 preferably also comprises a
recovery line 8 having an upstream end connected to the heat
exchanger 5 and a downstream end connected to the filling
line 2. This makes 1t possible to remject into the filling line
2 the relatively cold fluid that has exchanged thermally with
the compressed gas.

As shown, the downstream end of the recovery line 8 can
be connected to the filling line 2 upstream of the vaporizer
3.

As also 1illustrated, the installation may comprise at least
one buller storage 9, 10 connected to the filling line 2
downstream of the main compressor 4 and upstream of the
heat exchanger 5. For example, two (or more) buller stor-
ages 9, 10 are connected in parallel to the filling line 2
downstream of the main compressor 4 and upstream of the
heat exchanger 5.

These bufler storages 9, 10 can store gas compressed by
the main compressor 4.

The 1nstallation may comprise an additional auxiliary
compressor 11 having a suction inlet connected to a {first
butler storage 9 and an outlet connected to the second bufler
storage 10, to permit transfer and compression of gas from
the first to the second bufler storage 10.

The auxiliary compressor 11 may be a high-pressure
compressor, 1.e. a compressor configured to compress gas at
a higher pressure than the main compressor 4.

The bufler storages 9, 10 can be used to transfer gas into
the tank 6 to be filled by pressure equalizing (in particular
cascade). In addition at least one of these bufler tanks 9, 10
may where appropriate be used to serve as a source of gas
tor the compressor 11 for the purpose of filling the tank 6.

Thus, liquid hydrogen can be vaporized through the
vaporizer 3 (such as an atmospheric heater for example) to
reach a temperature below —-100° C., for example of the
order of —150° C.

This relatively cold hydrogen, at a pressure for example
of the order of 10 bar, can be compressed at medium
pressure (between 100 and 600 bar for example) 1n the main
compressor 4.

At the inlet of the main compressor 4, the fluid to be

compressed has for example a temperature of between
-2350° C. and 0° C. and preferably of between —180° C. and

-90° C., 1n particular between —-150° C. and -100° C. This
fluid has for example a pressure of between 2 and 20 bar and
preferably of between 8 and 12 bar.

This medium-pressure hydrogen can be transferred into a
bufler storage 9 at medium pressure and/or compressed via
the auxiliary compressor 11 at high pressure. This high-
pressure gas (for example 700 to 1100 bar) can be stored in
a high-pressure bufler storage 10.
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In order to cool the relatively hot compressed gas (for
example at ambient temperature from the bufler storages 9,
10), before filling the tank 6, a portion of the cold hydrogen
at the outlet of the vaporizer/heater 3 can thus be brought
into the cooling exchanger 5.

This cold hydrogen which has yielded frigories and has
been heated in the exchanger 5 can be remnjected via the
recovery line 8 upstream of the vaporizer 3 1n order to be
mixed with the cold hydrogen coming from the liquid store
1.

This contributes to the heating of the liquid before it
passes 1nto the vaporizer/atmospheric heater 3.

It should be noted that the hydrogen 1n the gas headspace
of the liquid store 1 can be used while being heated 1n the
vaporizer/atmospheric heater 3 before being compressed in
the cold compressor 3 (for example via the filling line 2 or
another dedicated line not shown).

Thus, while being simple 1n structure and inexpensive, the
installation allows eflicient recovery of all or part of the
losses of the liquid hydrogen tank. In addition, the frigories
of the liquid hydrogen are advantageously used to cool the
gas, just before filling the tank 6.

While the invention has been described in conjunction
with specific embodiments thereot, 1t 1s evident that many
alternatives, modifications, and varniations will be apparent
to those skilled 1n the art n light of the foregoing descrip-
tion. Accordingly, 1t 1s intended to embrace all such alter-
natives, modifications, and variations as fall within the spirit
and broad scope of the appended claims. The present inven-
tion may suitably comprise, consist or consist essentially of
the elements disclosed and may be practiced in the absence
of an element not disclosed. Furthermore, i there 1s lan-
guage referring to order, such as first and second, 1t should
be understood 1n an exemplary sense and not 1n a limiting
sense. For example, 1t can be recognized by those skilled 1n
the art that certain steps can be combined 1nto a single step.

The singular forms “a”, “an” and “the” include plural
referents, unless the context clearly dictates otherwise.

“Comprising” 1n a claim 1s an open transitional term
which means the subsequently 1dentified claim elements are
a nonexclusive listing 1.e. anything else may be additionally
included and remain within the scope of “comprising.”
“Comprising”’ 1s defined herein as necessarily encompassing
the more limited transitional terms “consisting essentially
of” and “consisting of”; “comprising” may therefore be

replaced by “‘consisting essentially of” or “consisting of”
and remain within the expressly defined scope of “compris-
ng”’.

“Providing” 1 a claim 1s defined to mean furnishing,
supplying, making available, or preparing something. The
step may be performed by any actor in the absence of
express language 1n the claim to the contrary.

Optional or optionally means that the subsequently
described event or circumstances may or may not occur. The
description 1ncludes instances where the event or circum-
stance occurs and instances where 1t does not occur.

Ranges may be expressed herein as from about one
particular value, and/or to about another particular value.
When such a range 1s expressed, 1t 1s to be understood that
another embodiment 1s from the one particular value and/or
to the other particular value, along with all combinations
within said range.

All references 1dentified herein are each hereby incorpo-
rated by reference into this application 1n their entireties, as
well as for the specific information for which each 1s cited,
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What 1s claimed 1s:

1. An mstallation for filling a tank or tanks with pressur-
1zed hydrogen, comprising: a liquefied fluid store containing
liquefied fluid, a filling line comprising an upstream end
connected to the liquefied fluid store and a downstream end
intended to be connected to a tank to be filled, and a cooling
circuit, wherein:

the filling line comprises, arranged 1n series, a vaporizer,

a main compressor and a heat exchanger for cooling the
compressed fluid downstream of the main compressor
betfore 1t 1s transterred 1nto the tank to be filled:;

the cooling circuit comprises a transier line and a recov-

ery line;

the transfer line has an upstream end connected to the

outlet of the vaporizer and a downstream end connected
to the heat exchanger;

the transfer line 1s configured to transfer, into the heat

exchanger, vaporized fluid leaving the vaporizer such
that heat 1s exchanged between the vaporized fluid and
a compressed gas which 1s transferred into the tank to
be filled:

the recovery line comprises an upstream end connected to

the heat exchanger and a downstream end connected to
the filling line for remjecting, into the filling line, the
fluid that has exchanged thermally with the compressed
oas.

2. The 1nstallation of claim 1, wherein the downstream
end of the recovery line 1s connected to the filling line
upstream of the vaporizer.

3. The 1nstallation of claim 1, further comprising at least
one buller storage connected to the filling line downstream
of the main compressor and upstream of the heat exchanger.

4. The installation of claim 3, further comprising two
bufler storages connected in parallel to the filling line
downstream of the main compressor and upstream of the
heat exchanger.

5. The installation of claim 4, further comprising an
auxiliary compressor having a suction mlet connected to a
first bufler storage and an outlet connected to the second
builer storage, to allow transier and compression of gas from
the first to the second buller storage.

6. A method for filling a tank or tanks with pressurized gas
with the installation of claim 1, comprising the steps of:

heating the liquefied fluid in the vaporizer to a tempera-

ture of between -250° C. and 0° C.;

compressing a first portion of the fluid vaporized by the

vaporizer to produce a compressed gas;

transferring the compressed fluid into the heat exchanger;

transferring a second portion of the fluid vaporized by the

vaporizer mto the heat exchanger, wherein the portion
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of the tluid vaporized by the vaporizer that 1s trans-
ferred 1nto the heat exchanger 1s cooler than the com-
pressed gas;

exchanging heat, at the heat exchanger, between the
compressed gas and the second portion of the fluid that
was vaporized by the vaporizer to produce a cooled
compressed fluid and a warmed vaporized fluid; and

reinjecting, into the filling line, the warmed vaporized

fluad.

7. The method of claam 6, wherein, at an inlet of the
compressor, the fluid to be compressed has a temperature of
between —250° C. and 0° C. and a pressure of between 2 and
20 bar.

8. The method of claim 6, wherein, at an inlet of the
compressor, the tfluid to be compressed has a temperature of
between —180° C. and -90° C. and a pressure of between 2
and 20 bar.

9. The method of claam 6, wherein, at an inlet of the
compressor, the fluid to be compressed has a temperature of
between —250° C. and 0° C. and a pressure of between 8 and
12 bar.

10. The method of claim 6, wherein, at an inlet of the
compressor, the tfluid to be compressed has a temperature of

between —180° C. and -90° C. and a pressure of between 2
and 20 bar.

11. The method of claim 6, wherein the vaporized fluid
which has thermally exchanged 1n the heat exchanger with
the compressed gas 1s remjected upstream of the vaporizer.

12. The method of claim 6, wherein, at the outlet of the

main compressor, the gas has a pressure of between 200 and
700.

13. The method of claim 12, wherein, at the outlet of the

main compressor, the gas has a pressure of between 400 and
600 bar.

14. The method of claim 6, further comprising a step of
transierring the compressed gas into a first builer storage.

15. The method of claim 6, further comprising heating, in
the vaporizer, and compressing gas taken from a headspace
of the liquetfied gas store.

16. The method of claim 6, wherein the pressurized gas 1s
hydrogen.

17. The method of claim 6, wherein the liquefied fluid 1s
heated 1n the vaporizer to a temperature of between —180° C.
and -90° C.

18. The method of claim 6, wherein the liquefied fluid 1s
heated 1n the vaporizer to a temperature of between —150° C.
and —100° C.
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